Introduction {#s0005}
============

Subcorneal pustular dermatosis (SPD), also known as Sneddon-Wilkinson disease, is a rare, benign, yet relapsing pustular dermatosis that was first described by Sneddon and Wilkinson in 1956 ([@b0260]). Herein, we review the presentation, associations, pathophysiology, and management of SPD. Furthermore, we present a unique case of SPD that developed during pregnancy and discuss possible etiopathogenetic mechanisms in our patient.

Epidemiology {#s0010}
============

The incidence of SPD is unknown. More than 200 cases were reported in a review published in 1981 ([@b0055]). Racial predilection and geographic distribution have not been reported. SPD is more common in females than in males (ratio 4:1) and has been rarely reported in children ([@b0145], [@b0175], [@b0240]). SPD usually presents between the fifth and seventh decades of life ([@b0175]).

Clinical and histopathologic features {#s0015}
=====================================

SPD is a relapsing, symmetrical eruption that favors the trunk, intertriginous areas (especially the axillae), and flexural aspects of the extremities. The palms and soles are exceptionally affected whereas the face and mucous membranes are spared. Atypical cases in terms of age, sex, or site distribution (e.g., distal extremities) have been reported ([@b0035]). The eruption presents abruptly with or without pain and in some cases with pruritic papules that develop into flaccid pustules, vesicles, or occasionally bullae ([@b0325]). Pea-sized pustules arise on normal skin or a slightly erythematous base ([@b9000]). The bottom half of the pustule contains purulent material, whereas the top half contains clear fluid (hypopyon pustule). Lesions spread and coalesce within a day or two to form annular or serpiginous patterns with central clearing and peripheral pustules ([@b0175]). The bullae are flaccid and rupture easily, thus forming superficial crusts and scales. They heal often with mild hyperpigmentation. The lesions are mildly pruritic and not usually associated with constitutional symptoms; however, cases presenting with malaise, fever, or arthralgias have been reported ([@b0210], [@b0225]).

The salient histologic feature is the subcorneal accumulation of neutrophils with the absence of spongiosis or acantholysis, although older lesions may show the latter ([@b9000]). Pustules appear to sit on top of the epidermis, and the epidermis beneath the pustule shows minimal change (i.e., neutrophils in transit and occasionally slight intercellular edema). Early lesions show a perivascular inflammatory infiltrate with neutrophils and occasional eosinophils.

Associations {#s0020}
============

SPD has been associated with a wide spectrum of systemic disorders, including neutrophilic dermatoses, hematologic disorders, solid organ malignancies, connective tissue disorders, thyroid disorders, drugs, and infections ([@b0325]). It has been related to neutrophic dermatoses, including pyoderma gangrenosum (Scerri et al., 1994), and inflammatory bowel disorders (i.e., Crohn's disease and ulcerative colitis; [@b9005], [@b0275]).

Numerous hematologic disorders, including aplastic anemia ([@b0205]), lymphomas ([@b0220]), multiple myeloma ([@b0080]), chronic lymphocytic leukemia ([@b9010], [@b0330]), IgG cryoglobulinemia ([@b0260]), and monoclonal gammopathies, especially IgA myeloma, have been associated with SPD and may occur years after SPD onset ([@b0065], [@b0105]). Hence, screening for paraproteinemia is required to rule out myeloma in case of SPD, and periodic screening in patients who test initially negative has been recommended ([@b0155]). Solid organ malignancies, which have been reported in patients with SPD, include metastatic thymoma, apudoma, and epidermoid carcinoma of the lung ([@b0080], [@b0170], [@b0330]).

Connective tissue disorders, such as Sjogren's syndrome ([@b0300]), systemic lupus erythematosus, synovitis/acne/pustulosis/hyperostosis/osteitis (SAPHO) syndrome ([@b0245]), and rheumatoid arthritis (both sero-positive and sero-negative; [@b0045]) have been associated with SPD. Other associated conditions include hypothyroidism, hyperthyroidism ([@b0280]), and multiple sclerosis ([@b0130]). Drugs that can induce reactions that present with SPD-like features include multikinase inhibitors (sorafenib; [@b0285]), gefitinib ([@b0250]), paclitaxel ([@b0335]), isoniazid ([@b0345]), amoxicillin ([@b0265]), and cefazolin sodium ([@b0270]). A therapeutic paradox has been reported of a dapsone-induced occurrence of subcorneal pustules in an earlier SPD case ([@b0075]). In a similar way, adalimumab can both treat and trigger SPD ([@b0235], [@b0315]). Lesions at the injection site of granulocyte-macrophage colony-stimulating factor have developed, possibly secondary to the drug's chemotactic effect ([@b0140]).

SPD can be aggravated and linked with various infections, most importantly a *Mycoplasma pnemoniae* infection ([@b0020], [@b0150], [@b0200], [@b0340]), primary pulmonary coccidioidomycosis ([@b0095]), and urinary tract infection. Echocardiography is a rare chemotactic stimulator, and incidents have been reported of subcorneal pustules that developed 10 to 12 hours after the procedure ([@b0085]).

Pathophysiology {#s0025}
===============

The pathophysiology of the condition has not been fully elucidated and its nosological classification remains controversial ([@b0225]). Neutrophil migration through the epidermis indicates the presence of chemotactic factors in the upper epidermis ([@b9000]). Various factors have been detected inside the subcorneal vesicles, namely tumor necrosis factor (TNF)-alpha, IL-8, C5a, and IgA. An increase in IL-1b has been noted when pustulosis reappeared ([@b0030]). IL-1b is an activator of TNF-alpha, suggesting that it may play a role in the pathogenesis of SPD. The role of TNF-alpha in the pathogenesis of the condition is supported by the response of SPD to TNF-alpha blockers, such as adalimumab ([@b0005], [@b0070], [@b0225]). Neutrophil priming has been suggested as a consequence of excessive production of TNF-alpha by keratinocytes, or monocytes may be crucial to the pathogenesis ([@b0070]).

Serum levels of thymus and activation regulated chemokine/chemokine ligand 17 are elevated, which suggests a Th2 response ([@b0185], [@b0190]). A very strong association has been found with HLA-DPDQDR, CD68, mast cell tryptase, and 70 kDa zeta-associated protein in the subcorneal pustules and surrounding blood vessels ([@b0005]). The same study detected S6-pS240 (an antiribosomal protein) adjacent to the subcorneal blister. The authors suggested a possible genetic component underlying a restricted immune response.

Differential diagnosis {#s0030}
======================

The differential diagnosis of SPD includes pustular psoriasis, acute generalized exanthematous pustulosis (AGEP), pemphigus foliaceus, dermatitis herpetiformis, impetigo, subcorneal type of IgA pemphigus, amicrobial pustulosis, and genetic syndromes characterized by pustule formation such as pyogenic arthritis/pyoderma gangrenosum/acne and SAPHO. Some authors maintain that SPD is closely related to pustular psoriasis ([@b0230]). However, typical histopathologic features of pustular psoriasis, such as psoriasiform hyperplasia, parakeratosis, and spongiform pustules, are not noted in SPD. AGEP is a sudden, self-limited eruption typically triggered by a drug or infection. It shows generalized minute pustules similar to those noted in SPD. The presence of systemic symptoms, eosinophilia, marked edema of the papillary dermis, keratinocyte necrosis, mixed neutrophil-rich interstitial, and mid-dermal infiltrates with eosinophils in the pustules or dermis sets AGEP apart from SPD ([@b0325]).

Pemphigus foliaceus typically shows seborrheic distribution (i.e., affecting sites such as the scalp, face, upper chest, and upper back). The lesions never coalesce in annular fashion, which distinguishes pemphigus foliaceus from SPD. Dermatitis herpetiformis has lesions that are intensely pruritic, unlike SPD, and found over the extensor surfaces. Lesions of bullous impetigo are mildly tender and associated with inflammation. Gram-positive cocci are detected in the bullae. Whether SPD cases with epidermal IgA deposits define a subset of SPD or a pemphigus variant that is otherwise indistinguishable from classic SPD remains a matter of debate ([@b0295]).

Lesions in amicrobial pustulosis show a different distribution than those in SPD, and the histopathology of the condition shows spongiform pustules with acanthosis and parakeratosis ([@b0025]). Pyogenic arthritis/pyoderma gangrenosum/acne and SAPHO syndromes present early in life and can be easily differentiated from SPD on the basis of their distinct clinicopathologic features.

Treatment {#s0035}
=========

Dapsone (50--100 mg/day) is the drug of choice ([@b0160], [@b0175]). A response to dapsone is typical of SPD and has been used to suggest a diagnosis of SPD ([@b9000]). Lesions resolve within 1 to 4 weeks of treatment, but maintenance at a lower dosage is required to prevent relapses. Other drugs, such as cochicine and sulfapyridine, that have antineutrophilic effects have been effective ([@b0060], [@b0175]) and can be used as second-line treatment. Oral retinoids (i.e., acitretin and etretinate) have also been used successfully ([@b0165], [@b0225]) with a quick response (symptoms resolve within 8--15 days of treatment) and good tolerability. As with dapsone, maintenance at low doses is required to prevent recurrence ([@b0060]). Potent topical and oral corticosteroids can be safely used alone or in combination with dapsone ([@b9015], [@b0175], [@b0225]). These agent are a great choice when patients present either with concomitant dermatologic conditions or associated systemic symptoms ([@b0060], [@b0215]).

Psoralen with ultraviolet light A (PUVA; [@b0120], [@b0165]) and narrowband ultraviolet B (UVB; [@b0195]) can work as solo therapies in SPD. A remarkably quick response has been observed when PUVA was combined with dapsone ([@b0010]). Several cases were treated with UVB alone or combined with minocycline ([@b0050], [@b9020]). One case was treated successfully with PUVA, but a maintenance regimen with a combination of retinoid and narrowband UVB did not prevent relapses ([@b0195]).

Biologic agents, such as adalimumab ([@b0315]), infliximab ([@b0030]), and etanercept ([@b0015]), have been used in challenging cases. Adjunctive treatment with corticosteroid and/or retinoid ([@b0015], [@b0090], [@b0320]) is often needed. Cases that have not responded to these therapies have been treated with vitamin E, tetracycline, estrogen, chloramphenicol, niacin, tacalcitol, and methotrexate ([@b0035], [@b0110]).

Finally, treating or controlling the associated condition has helped to achieve clinical resolution. SPD with concomitant rheumatoid arthritis was managed with dapsone and hydroxychloroquine ([@b0045]), minocycline, and narrowband UVB ([@b0050]), or etanercept ([@b0015]).

Case report {#s0040}
===========

A 26-year-old primigravida presented in the third month of gestation with pustular lesions over the trunk, intertriginous areas, and extremities of 2 months' duration ([Fig. 1](#f0005){ref-type="fig"}A). There were no similar complaints prior to the pregnancy and no personal or family history of psoriasis or other skin disease. There was no medication intake. Clinical examination revealed multiple nontender, flaccid vesiculo-pustules measuring 2 to 10 mm arranged in annular, circinate, and serpiginous patterns that ruptured to form superficial crusts and scaly lesions on erythematous background ([Fig. 1](#f0005){ref-type="fig"}A and B). Testing for Nikolsky sign was negative. Histopathology testing revealed a subcorneal pustule with numerous neutrophils, neutrophils infiltrating in the epidermis (neutrophils in transit), mild intercellular edema, and a dermal perivascular mixed inflammatory cell infiltrate with neutrophils ([Fig. 2](#f0010){ref-type="fig"}). Bacterial and fungal stains and cultures from pustules also tested negative, and testing ruled out infections such as urinary tract infection. Serologic tests, including complete blood count, reticulocyte count, liver and renal blood tests, and serum chemistries including calcium, were within the normal range with the exception of low hemoglobin (10.1 gm/dl). There was no paraproteinemia, and glucose-6-phosphate dehydrogenase level was normal.Fig. 1(A) Crusted erythematous plaques with superimposed pustules on the back, as well as discrete, isolated, pea-sized pustules. (B) Closeup view of minute pustules at the rim of round or annular, scaly, erythematous plaques on the forearm.Fig. 2Immediately below a normal stratum corneum is a blister cavity containing numerous neutrophils. The epidermis below the blister shows sparse neutrophils in transit and mild intercellular edema (spongiosis). Lesional skin adjacent to the pustule shows intact granular layer. Dermis shows a neutrophil and lymphocytic infiltrate (hematoxylin and eosin, 10×).

A diagnosis of SPD was made based on the constellation of clinical and histopathologic findings. The patient was started on dapsone 100 mg daily and clobetasol propionate 0.05% cream twice daily. The lesions healed with hyperpigmentation in 3 to 4 weeks. The patient was followed up monthly until delivery, and no relapses were noted. The pregnancy was otherwise uneventful and resulted in a healthy newborn.

Discussion {#s0045}
==========

Pregnancy is associated with aggravation, and less often improvement, of inflammatory skin diseases such as atopic dermatitis. Pregnancy may also trigger a flare of pustular psoriasis (impetigo herpetiformis \[IH\]) in a genetically predisposed individual ([@b0305]). A Th1 to Th2 shift that occurs during gestation may be related to deterioration of inflammatory skin diseases such as atopic dermatitis during pregnancy ([@b0135]). Neutrophilic dermatoses, such as pyoderma gangrenosum, sweet syndrome, and Behcet disease, can flare or present during gestation ([@b0040]).

Herein, we report on a case of SPD with onset during pregnancy. Our literature review did not reveal any similar cases.

The differential diagnosis in our case includes pustular psoriasis of pregnancy (IH) and AGEP. IH typically occurs in the third trimester, often with systemic features, and can be associated with hypocalcemia or low serum levels of vitamin D ([@b0310]). These features were absent in our case. In addition, the half-half appearance of some flaccid vesiculopustules (hypopyon pustules) in our case is characteristic of SPD. Furthermore, histopathologic features of IH, such as spongiform pustules, psoriasiform hyperplasia, and parakeratosis, were absent in our case. Lesional skin adjacent to the pustule showed absence of parakeratosis, absence of psoriasiform hyperplasia, and intact granular layer, which are features that rule out IH.

Our patient responded promptly to treatment with dapsone, which supports the diagnosis of SPD, especially because dapsone treatment of IH has not been reported and there is only one case report with oral dapsone treatment for generalized pustular psoriasis in an adult nonpregnant patient (evidence level III; [@b0255]). Improvement in this patient was noted after 1 month of dapsone treatment, and the disease was then controlled while also on acitretin. This contrasts the dramatic response of SPD to dapsone, which has been used to suggest a diagnosis of SPD ([@b9000]). Our patient was not on any medications that could cause AGEP, and features of AGEP such as fever, eosinophilia, marked edema of the papillary dermis, and mixed infiltrate with conspicuous eosinophils, exocytosis of eosinophils, and single-cell keratinocyte necrosis were absent in our case.

Neutrophilic dermatoses such as SPD are considered to be induced by IL-8, which attracts neutrophils ([@b0115]). The production of IL-8 is stimulated by IL-17--producing cells, such as Th17 cells ([@b0180]). Th17 may be involved in the pathogenesis of Th2-dominant atopic dermatitis ([@b0125]). A case of SPD exhibited a high serum thymus and activation-regulated chemokine/chemokine ligand 17 level, thereby raising the possibility of a Th2 association ([@b0185], [@b0190]). The researchers suggested that a Th17 and Th2 association is involved in the pathogenesis of SPD. As mentioned, a Th1 to Th2 shift occurs during pregnancy; additionally, IL-17 levels increase during gestation ([@b0100]). These immunologic changes may favor development of SPD during pregnancy.

Our patient responded promptly to dapsone, which supports the diagnosis of SPD. Despite the low hemoglobin level prior to treatment, the patient tolerated dapsone treatment well and her hemoglobin levels did not fall further. Normal pregnancy outcomes have been reported with dapsone, and the drug does not present a significant risk to the fetus. Therefore, the medication should be promptly administered during pregnancy for skin diseases such as SPD and dermatitis herpetiformis that typically respond to the drug. Neonatal hyperbilirubinemia has been attributed to dapsone treatment during pregnancy ([@b0290]). However, the risk of hyperbilirubinemia in the neonate is negligible if dapsone is discontinued 4 weeks prior to delivery ([@b0290]).

Conclusion {#s0050}
==========

We report on a rare case of SPD that developed during pregnancy. We highlight the importance of identifying this rare presentation to guide prompt treatment. The differential diagnosis of such cases requires dermatologic expertise; therefore, generalized pustular eruptions should be referred to dermatology. Treatment with dapsone should be administered promptly and can be tolerated well during gestation.
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